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【論文の内容の要旨】 
 In advanced nations, amid the aging of infrastructures, the emerging risk of serious 
accidents and the increase in maintenance and repair expenditures are topics of concern. 
Systematic infrastructure management utilizing new technologies is essential both for 
preventing accidents based on preventive maintenance systems and for minimizing the 
life cycle cost of infrastructures against a background of tight financial grounds and a 
decreasing number of skilled engineers. 
Water distribution systems (WDSs) have become important infrastructures which 
support our wellness, daily life and advanced urban activities. The total length of 
pipelines in Japan is 666,000 km. The maintenance and renovation of pipelines is a 
major task for the future. The present replacement rate of pipelines is approximately 
0.75% per year, which means that aged pipelines will only be entirely replaced after 
more than 130 years. The old pipelines may develop sudden leaks or water quality 
accidents. To maintain a safe and delicious water supply, infrastructure health 
monitoring is urgently demanded. 
Deterioration and aging in water pipes can be considered to be the cause of leaks. 
If these leaks are left untreated for a long time, sinkholes could occur due to ground loss, 
and depending on the situation, there is a possibility this could be directly linked to 
largescale loss of life. Therefore, leaks should be discovered and fixed as early as 
possible. 
Since water pipelines are buried underground, it is difficult to find the location of 
leaks until some direct damage to the ground is discovered. The conventional method of 
detecting water leaks is based on the auditory ability of experienced specialists. They 
walk around the position where abnormalities are suspected with a simple device that 
picks up sounds from under the ground to determine whether there are leaks or not. 
This advanced work can only be done by a skilled person who has many years of 
experience in the field. Furthermore, it is difficult to secure water leakage specialists at 
small and medium waterworks due to budget constraints. Utilizing advanced ICT 
(Information and Communication Technology) is expected not only to create new 
business opportunities in the existing infrastructure maintenance market, but also to 
offer business expansion opportunities into developing nations that will face similar 
problems in the near future. 
Water leak detection in water pipes is made up of several processes such as data 
acquisition, analysis, modeling, and discrimination. The purpose of this study is to 
propose a next-generation solution for water leak detection. To achieve this, this thesis 
is composed of six chapters. 
Chapter 1 is composed of the background, motivation, and objectives of this study. 
Chapter 2 introduces an international review of leak detection methods by 
investigating prior studies related to this research. In addition, the differences between 
previous studies and this study are summarized to describe the features of this study. 
Chapter 3, showing the optimal placement of leak sensors in WDS, proposes a 
planning model applying the k-median problem, a mathematical optimization technique, 
and then verifies the effectiveness of this model through field testing. As a result, this 
study has developed a placement plan that considers the structural features (branches 
and curves) within the WDS. Furthermore, through real field testing, it was 
demonstrated that only 12 leak sensors can manage an entire area with a total length of 
4.23 km. 
Chapter 4 discusses the application of the chaos and time series analysis method 
to grasp whether water leak sounds measured at an outdoor test site are stochastic data 
or not. This chapter also focuses on the material of water pipelines and the distance 
from leak points, in order to examine how they affect water leak sounds. As a result, it 
was proved that water leak sounds had a regular pattern that could be characterized, 
and that background noise had randomness which is definitely different from the water 
leak sounds with the quantified values of deterministic properties. 
Chapter 5 proposes a new intelligent water leak discrimination method 
incorporating big data analysis and AI technology. This study therefore adopted an 
end-to-end deep learning approach where a machine learns images and then extracts 
important features in the images. In addition, the sound data acquired at 39 actual 
accident sites of water leaks were used to verify the ability of the water leak 
discrimination model using deep learning. As a result, of the 83 cases, 54 cases (65%) 
showed more than 80% accuracy (36 cases more than 90%). There were only 5 cases 
(6%) with an accuracy of 60% or less, the cause being a small amount of leakage or a 
case of non-metallic material. 
Chapter 6 presents the overall conclusions and recommendations for water leakage 
management, including future research works. 
